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ABSTRACT

Objective: The aim of the present study was to investigate the possible beneficial effects of resveratrol in
mice subjected to vinyl cyclohexene dieposide (VCD) -induced testicular toxicity.

Material and methods: A total of thirty- six Swiss albino male mice aged 28-days were used in the pres-
ent study. The study was composed of two stages where mice which received or did not receive VCD (320
mg/kg/day) were administered resveratrol. The animals were assigned into control and resveratrol-treated
groups in the first stage and into groups of VCD- and VCD+resveratrol-treated groups in the second stage.
At the end of the experiments, relative testicular weight (TW/BW) and dry/wet weight of testis (TDW/
TWW) were calculated. Histological analysis by hematoxylin and eosin (H&E) staining and immunohis-
tochemical staining by BAX and Bcl-2 were performed. Serum testosterone, LH and FSH levels were mea-
sured by a commercially available ELISA kit.

Results: Resveratrol caused a dose-dependent increase in TW/BW and decrease in TDW/TWW (p<0.05).
Resveratrol at a dose of 20 mg/kg resulted in an improvement in testosterone, LH and FSH levels in mice
with VCD-induced testicular toxicity (p<0.001). Resveratrol also improved apoptotic index and epithelial
cell height of testicular seminipherous tubuli significantly after VCD exposure (p<0.001).

Conclusion: Results of the present study suggest that resveratrol can be used as a protective and/or thera-
peutic agent particularly for cases with male infertility caused by testicular toxicity.

Keywords: Mice; resveratrol; testis; toxicity.

Introduction well as increases testicular sperm count and
sperm motility.*) RES has also been reported
Resveratrol (RES) (3,5.4’-trihydroxystil- to increase the sperm production and to

decrease germ cell apoptosis.”® Furthermore,
it is well known that RES is protective against

bene) is a natural phytoalexin that is found
particularly in red wine and peanuts.!!!

There are two RES forms ie. -cis and -trans
with all forms being present in a greater
amount in red grapes compared to the green
grapes.”) The -trans form of the RES has
been reported to affect estrogen receptors
which are also important in male reproduc-
tive system. Furthermore, chemical structure
of RES is similar to that of diethylstilbestrol.
131 In recent years, several in vivo and in vitro
studies have suggested that RES protects the
spermatocytes against lipid peroxidation as

environmental toxins.'® It is also a remarkable
antioxidant agent with some previous reports
suggesting a more potent antioxidant effect
than well-known antioxidants Vitamin C and
E." Another study found that the grape seed
extract containing RES has protected the glial
cells from oxidative stress.®™ The antioxida-
tive effects of RES have been attributed to its
inhibition of cyclooxygenase transcription in
DNA polymerase activity and ribonucleotide
reductase.”’
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Vinylcyclohexene diepoxide (VCD) is a reactive compound
that is commonly used in paints and adhesives. Thus, many
individuals working in this branch of industry are exposed to
high amounts of this compound.!'”’ VCD is known as an onco-
genic environmental pollutant.'" It is the only chemical causing
damage in the primordial and primary follicules of rat and mice
oocytes.? However, to our knowledge, there is only one study
reporting that VCD causes a dose- and time-dependent testicular
toxicity in male mice, which may be attributed to the apoptotic
effect of VCD.['013]

In the light of all these data, present study was designed to
investigate the testicular effects of RES in mice with and with-
out VCD-induced testicular toxicity.

Material and methods

A total of 36 Swiss albino male mice aged 28-days were used
in the present study. All animals were kept in cages. The ani-
mals were maintained under standard conditions of temperature
(25+2°C), humidity (65+5%) and light (12/12 h light/dark)
and were fed with standard food pellets and had free access to
water. All animal experiments were conducted according to the
guidelines for the care and use of laboratory animals and the
approval was obtained from the local Ethics Committee for the
Care and Use of Experimental Animals of Eskisehir Osmangazi
University (date: 03/03/2011 and number: 189).

The study was composed of two stages using RES with and
without exposure to VCD, respectively. The animals were
assigned into the control and RES-treated groups in the first
stage and VCD- and VCD+RES-treated groups in the second
stage.

Animal experiments

In the first stage of the study, mice were only treated with RES
(Sigma- Aldrich, St. Louis, MO, USA) without exposure to
VCD. The groups of Control, RES2, RES10 and RES20 includ-
ed 6 mice in each (n=6). After 1 week of acclimation period,
RES2, RES10 and RES20 groups were treated with 2, 10 and
20 mg/kg of RES by oral gavage, while control group received
equal volume of dimethyl sulfoxide (DMSO) (Sigma- Aldrich,
St. Louis, MO, USA). In previous studies, it was observed that
RES at a dose of 20 mg/kg did not produce systematic toxic-
ity.”? RES treatment was continued for 3 days with 24- hour
intervals. Twenty-four hours after the last dose of RES, body
weights (BW) of the animals were determined and recorded,
blood samples were withdrawn from the heart under general
anesthesia and animals were killed by overdose of anesthesia.
Serum samples obtained by centrifugation of blood samples at
3000 rpm for 3 min were stored at -20°C until analysis. Both
testes of mice were removed and weighed to determine the wet

weight of testis (TWW). One testis was used for the histological
analysis and the other was stored at -80°C until dry weights of
testes (TDW) were estimated. For the determination of TDW,
testicular tissues were dried at 60°C for 12 hours in an oven.

In the second stage of the study, 320 mg/kg of VCD (Fluka
Chemical Co. Ltd, Switzerland) was injected intraperitoneally
for 10 days.'% After 10 days of VCD treatment, all animals
except from those in the VCD group were treated with 20 mg/
kg RES by oral gavage at a dose that was found to be effective
in the first stage. Twenty-four hours after the third dose of the
treatment, BWs of the animals were determined and recorded,
blood samples were withdrawn from the heart under general
anesthesia and animals were killed by overdose of anesthesia.
Serum samples obtained by centrifugation of blood samples at
3000 rpm for 3 min were stored at -20°C until analysis. Both
testes of mice were removed and weighed to determine the
TWWs. One testis was used for the histological analysis and
the other was stored at -80°C until determination of TDW. For
the determination of TDW, testis tissues were dried at 60°C for
12 hours in an oven.

The ratio of testis weight to body weight (TW/BW) was cal-
culated by dividing the testis weight in milligrams to the body
weight of animals in grams. The ratio of dry to wet weight of
testis (TDW/TWW) was calculated by dividing the wet weight
of testis in grams by the dry weight of the testis in grams.

Histological evaluation

Testicular tissues were fixed in 4% paraformaldehyde and then
embedded in paraffin blocks. Sections cut at 5 ym thickness
were stained with hematoxylin and eosin (H&E), BAX and
Bcl-2. The sections were then viewed under light microscope to
determine the histological changes.

In H&E stained sections, epithelial cell height of testicular
seminipherous tubuli (ECHST) was measured and recorded.
Johnsen scoring system was used for the grading of testicular
toxicity."¥ In BAX and Bcl-2 stained sections, mean apoptotic
germ cell count was determined for each tubule by evaluating
25 tubules per testis.

Biochemical evaluation

Serum levels of testosterone, LH and FSH were measured by
using commercially available rat ELISA kits (Cayman, USA)
according to the manufacturer’s instructions.

Statistical analysis

All statistical analyses were performed by using IBM Statistical
Package for the Social Sciences (IBM SPSS Statistics; Armonk,
NY, USA) 20.0 package program. The distribution pattern
of data was evaluated by Shapiro Wilk’s test. The intergroup
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comparisons were performed by using One Way ANOVA test.
Exact digit post hoc test was used to identify the groups with
difference. Data were expressed as mean+SEM. P<0.05 was
considered as statistically significant.

Results

In mice treated only with RES (RES2, RES10 and RES20),
TW/BW ratio was significantly higher compared to the control
group (p<0.05) (Table 1). However, any significant difference
was not observed for pre-treated group with VCD.

In 3 groups treated with only RES, TDW/TWW was found to be
significantly decreased in RES2 and RES20 groups compared to
the control group (p<0.05) (Table 1). However, any significant
difference was also not observed for pre-treated group with VCD.

Serum testosterone level was significantly decreased in RES2
and RES10 groups compared to the control group (p<0.001)
(Figure 1). Although not being significant, testosterone level
was slightly decreased in the RES20 group compared to the
control group. On the other hand, serum testosterone was sig-
nificantly lower in VCD-treated animals compared to the con-
trols (p<0.001) but significantly higher in VCD+RES20 group
compared to VCD-treated animals (p<0.001), suggesting that 20
mg/kg RES treatment relieved testicular toxicity and increased
testosterone secretion.

Serum LH level was significantly increased in RES20 and
VCD + RES20 group compared to the control group (p<0.001)
(Figure 2). In addition, serum LH level was significantly higher
in VCD+RES20 group compared to VCD group (p<0.05)
(Figure 2).

Serum FSH level was found to be significantly decreased in
VCD-treated animals compared to the control animals (p<0.05)
with a significant increase in VCD+RES20 group compared to
the VCD group (p<0.05) (Figure 3).

Table 1. Testicular weights

Relative testicular Dry/wet testicular

weight, mg/g weight, g/g
Control 5.35+0.226 0.186+0.006
RES2 6.6+0.7* 0.131+£0.017*
RES10 7.395+0.49* 0.218+0.038
RES20 6.818+0.45% 0.0173+0.007*
VCD 5.73+0.28 0.156+0.011
VCD+RES20 544+04 0.158+0.0058

Values are expressed as mean+SEM. Differences from the control group (*). *p<0.05.

VCD: vinylcyclohexene diepoxide; RES: resveratrol

Histological results

Johnsen scores

Johnsen score was significantly lower in VCD and VCD+RES20
groups compared to the control group (p<0.05) (Table 2).
Although not being statistically significant, the scores were
slightly higher in VCD+RES20 group compared to VCD group.

Epithelial cell height of testicular seminipherous tubuli
(ECHST)

Epithelial cell height of testicular seminipherous tubuli was
significantly higher in RES10 and RES20 groups compared to
the control group (p<0.001) (Table 2). However, in VCD group,
ECHST was significantly lower compared to the control group
(p<0.001). In animals treated with VCD+RES20, ECHST was
found to be significantly lower compared to the control group
but significantly higher relative to the VCD group (p<0.001 for
each).

Apoptotic cell count in testicular tubules

Apoptotic cells were counted in testicular tubules and found
to be significantly higher in the VCD group compared to
the control group (p<0.001) with a significant decrease with
VCD+RES20 treatment (p<0.001) (Table 2, Figure 4 and 5).

Discussion

Vinylcyclohexene diepoxide is a reactive compound and many
people working in an industrial area are exposed to high
amounts of this compound.'” It is commonly used in chemical
industry as well as in synthetic yarn and carpet manufacturing.
VCD is a mutagen for Salmonella bacteria system and leads
to germ cell destruction by attaching DNA and preventing
DNA synthesis."™ In a study by Hooser et al.®! VCD has been

Testosterone
1000 -

900 - +++
800 -
700 - Hokk
600
500 - koK
400 - -———
300 - %
200 —
100 - .

0 T

C R2 R10 R20

*ok
T
VCD VCD+R20

Figure 1. Serum testosterone
(*): different from the control (+): different from the VCD group

(*¥*%): p<0.001 (+++): p<0.001. C: control; VCD: vinylcyclohexene
diepoxide




Ozatik et al. Protective role of resveratrol on testicular germ cells in mice with testicular toxicity

LH

EEES

|

VCD+R20

9000 -
8000 -
7000 -
6000 -

ke
5000 -
4000 -
3000 -
2000 -
1000 -
0 -+ T T T
(&} R2 R10 R20 VCD

Figure 2. Serum LH levels
(*): different from the control (+): different from the VCD group

(**%): p<0.001 (+++): p<0.001. C: control; LH: luteinizing hormo-

ne; VCD: vinylcyclohexene diepoxide

FSH
14
¢ o+

10 4

8 1 *

6

4

¥ o

0 + T T T
E R2 R10 R20 VCD

Figure 3. Serum FSH level
(*): different from the control (+): different from the VCD group

]

VCD+R20

(*): p<0.05 (+): p<0.05. C: control; LH: luteinizing hormone; FSH:
follicule stimulating hormone; VCD: vinylcyclohexene diepoxide

suggested to result in testicular toxicity in male mice through
impairing DNA synthesis and cell replication (differentiated
spermatogonia and pre-leptotene spermatocytes).

Resveratrol is a natural antioxidant that is commonly found
in peanuts, grapes and beverage made from grapes. In addi-
tion to its well-known antioxidant capacity, RES has also been
suggested to have vasorelaxing effects, to regulate lipoprotein
metabolism, to inhibit thrombocyte aggregation and to have
protective and therapeutic effects against cancer.'>1% All these
data suggest that RES may be a molecular and/or cellular trigger
which may also be true for estrogen system.!">!! The structural
similarity found between trans-resveratrol, diethylstilbestrol and
estradiol has led researchers to investigate the possible estrogen
modulating effects of RES.'"! In the present study, the protec-
tive effect of RES on testicular germ cells was investigated on

Table 2. Effects of resveratrol treatment on VCD-

induced testicular toxicity

Johnsen Apoptotic  Tubuloseminiferous
Scores index epithelial height
Control 9.93+0.033  0.683+0.0606 56.417+0.232
RES2 9.76:0.021  0.683+0.0606 56.433+0.192
RES10 9.78+0.030  0.567+0.0645 57.8+0.157"
RES20 9.8+0.036  0.483+0.0651 59.133+0.133"
VCD 9.3+0.13* 6.667+0.118* 44.783+0.167*

VCD+RES20 948+0.07*  4.567+0.107"¢  50.667+0.138"

Values are given as mean +SEM. Differences from the Control (*) or VCD group (+). *
p<0.05; “p<0.001; ¥p<0.001. VCD: vinylcyclohexene diepoxide; RES: resveratrol

animals with and without testicular toxicity. For this purpose,
TW/BW, TDW/TWW, histological and immunohistochemical
analysis, and serum testosterone, LH and FSH levels were eval-
uated. Although all three doses of RES significantly increased
TW/BW in animals without testicular toxicity, this was not true
for animals with testicular toxicity. Similar findings were also
found for ECHST which was found to be significantly increased
in RES10 and RES20 groups compared to the control animals
but was not significantly changed in VCD+RES20 group com-
pared to the VCD group. Testicular weight, which was increased
in animals without testicular toxicity but unchanged in animals
with testicular toxicity, may indicate the variability in ECHST.
Sharma et al."® have investigated the role of RES in the treat-
ment of testicular toxicity in Wistar rats induced by cyperme-
thrin that is an insecticide from the group of synthetic pyre-
throid. In parallel with our findings, the authors have reported
significantly decreased TW by cypermethrin which returned to
normal control values with RES treatment.

The ratio of dry to wet weight of testis was found to be signifi-
cantly decreased in RES2 and RES20 groups. However, it was
not true for VCD-treated animals, suggesting that only fluid
retention in testis was antagonized by RES through a process
called rehydration. In a previous study, CP336,156, a nonsteroi-
dal estrogen agonist/antagonist agent has been reported to have
rehydrating effect on uterine tissue.'"” RES has been also sug-
gested to have estrogen modulatory effects.? Thus, RES may
also have a similar effect on testicular tissue.

Testosterone is essential for structural morphology and physi-
ology in seminiferous tubules for spermatogenesis.’!! Juan
et al.?? have found that treatment with 20 mg/kg RES for
90 days increased serum testosterone and gonadotropin lev-
els and decreased tubular density and sperm counts in rats.
Accordingly, in the present study evaluating the effects of
3 days of 20 mg/kg RES on mice exposed to VCD-induced
testicular toxicity, significantly increased testosterone, FSH
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and LH levels suggesting that RES might improve the VCD-
induced gonadal dysfunction in mice. Indeed, in two stud-
ies performed in rats evaluating the therapeutic potential of
RES in testicular toxicity models induced by doxorubicin
and cypermetrin, testosterone, LH and FSH levels have been
found to increase significantly.'®2” Juan et al.”” have reported
that RES stimulated the gonadotropin secretion which is a
major endocrine regulator in spermatogenesis. In that study,
serum FSH and LH levels -which stimulates spermatogen-
esis in tubules and testosterone production in Leydig cells,
respectively- were also found to increase significantly in
RES-treated animals compared to the control group.??! The
authors concluded that RES may induce pituitary stimulation
and -improve testicular function. Accordingly, the results of
the present study also support this conclusion. Since hypotha-
lamic- pituitary- gonadal endocrine regulation in men is com-
plex and related to both estradiol and testosterone.?* These
results may suggest that RES may improve gonadal function
after exposure to an agent causing testicular toxicity.

In the present study, VCD induced several histological chang-
es including irregularity in basal membrane and germinal
epithelia of seminiferous tubules, degeneration, vacuolization
and germ cell loss. Johnsen scores also significantly decreased
in VCD-treated animals, representing the histological changes
induced by VCD in mice. Although not being significant, RES
treatment after VCD injection resulted in a slight decrease in
Johnsen scores. It can be suggested that RES at daily doses
of 20 mg/kg improves testicular damage induced by VCD.
Results of immunohistochemical studies were also in parallel
to these findings. Similarly, in a study by Soylemez et al.l*’! it
was determined that RES at a dose of 10 mg/kg increased the
Johnsen scores to the control levels. The results in this study
support our results.

In the histological analysis, VCD has been found to cause a
decrease in ECHST and an increase in apoptotic cell count
which are possibly resulted from the impairment of spermato-
genesis.'” This kind of effect induced by VCD is also seen
with the use of antineoplastic agents including adriamycin,
bleomycin, cyclophosphamide and doxorubicin.'?!! In the
study by Hooser et al.”!, VCD has been reported to cause tes-
ticular germ cell necrosis in mice. The authors have suggested
that VCD caused testicular toxicity by impairment of DNA
synthesis and replication (differentiated spermatogonia and
preleptone spermatocyte).”! A great proportion of spermatozoa
membrane is composed of saturated fatty acid with a low level
of antioxidant enzymes in cytoplasm. Oxidative stress that is
associated with denaturation and fragmentation has a great
role in abnormal sperm production.”'?! Some previous studies
have suggested that doxorubicin also induces DNA fragmen-
tation and chromosomal damage™' ¥, leading to increased

oxidative stress and increased number of mobile sperm count
and abnormal sperm percentage.”” In a model of Drosophilia
melonogaster, vinyl cyclohexene (VCH) exposure for 5 days
had increased reactive oxygen and nitrogen species (ROS
and RNS), mRNA gene expression of superoxide dismutase,
Nrf-2 and MAPK-2, changed antioxidant enzyme levels, and
inhibited of 0-ALA -D and AChE activities.'"*! Conduction of
a recent study is important to support the toxic effects of both
VCH and VCD.

Apoptosis plays a great role in toxicity. In our study, immuno-
histochemical staining by Bax and Bcl2 was used to demon-
strate the apoptosis. However, RES treatment at daily doses of
20 mg/kg decreased the apoptotic cell count induced by VCD.
RES is known to prevent the lipid peroxidation and DNA dam-
age induced by oxidative stress.* Accordingly, RES has also
been suggested to decrease the oxidative stress in seminiferous
tubules and to increase sperm maturation.”"

Results of the present study suggest that RES can be used as a
protective and/or therapeutic agent particularly for cases of male
infertility caused by testicular toxicity. Infertility is a great health
problem and has several different causes. In the present study,
daily treatment with RES in mice stimulated hypothalamo-pitu-
itary-gonadal axis without any adverse effect, and improved the
VCD induced testicular damage by its antioxidant effect.

Study limitations

There are some limitations of this study. Western blot analysis
and reverse transcription-polymerase chain reaction (RT-PCR)
must have been done in order to investigate the protein and gene
expression of spermatogenic cell membrane. However these
analyses could not be performed with the current laboratory
conditions. Thus these analyses were thought to be added up in
our further studies.
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Figure 4. a-d. x 40, Bcl2. (a) control, (b) RES 20, (¢) VCD
indicates the increased number of apoptotic germ cell (—), (d)
VCD+RES 20 shows less number of apoptotic germ cells (—)
when compared to VCD group

Bcl2: anti-apoptotic gene Bcl2; RES: resveratrol; VCD: vinylcyclo-
hexene diepoxide

Figure 5. a, b. x40, Bax, (a) VCD showing higher numbers of
apoptotic germ cells (—), (b) VCD+RES 20 indicating lesser
number of apoptotic germ cells compared to VCD group (—)

Bax: Bcl2- associated; RES: resveratrol; VCD: vinylcyclohexene
diepoxide

Financial Disclosure: The authors declared that this study has
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References

1. Ray PS, Maulik G, Cordis GA, Bertelli AAE, Das DK. The red
wine antioxidant resveratrol protecs isolated at hearts from isch-
emia reperfusion injury. Free Radical Biol Med 1999;27:160-9.
[CrossRef]

2. Gu X, Chu Q, O’Dawyer M, Zeece M. Analysis of revera-
trol in wine by capillary electrophoresis. J Cromotograph A
2000;881:478-81.

3. Chen YC, Nagpal MD, Stocco DM, Lin T. Effects of
genistein,resveratrol,and quercetin on steroidogenesis and pro-
liferation of MA-10 mouse Leydig tumor cells. Journal of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Endocrinology 2007;192:527-37. [CrossRef]

Shin S, Jeon JH, Park D, Jang MJ, Choi JH, Choi BH, et al. Trans-
resveratrol relaxes the corpus cavernosum ex vivo and enhances
testosterone levels and sperm quality in vivo.” Arch Pharm Res
2008;31:83-7. [CrossRef]

Hooser SB, Demerell DG, Douds DA, Hoyer P, Sipes IG.
Testicular germ cell toxicity caused by vinylcyclohexene diepox-
ide in mice. Reprod Toxicol 1995;9:359-67. [CrossRef]

Revel A, Raanani H, Younglai E, Xu J, Han R, Savouret JF, et al.
Resveratrol, a natural aryl hydrocarbon receptor antagonist, pro-
tects sperm from DNA damage and apoptosis caused by benzo(a)
pyrene. Reprod Toxicol 2001;15:479-86. [CrossRef]

Jiang Y, Peng T, Luo Y, Li M, Lin Y. Resveratrol reestablishes
spermatogenesis after testicular injury in rats caused by 2,5-hex-
anedione. Chin Med J (Engl) 2008;121:204-9.

Belguendouz L, Fremont L, Gozzelino MT. Interaction of trans res-
veratrol with plasma proteins. Biochem Pharmacol 1998;55:811-6.
[CrossRef]

Royshowdhury S, Wolf G, Keilhoff D, Bagcht D, Horn T.
Protection of primary glial cells by grape seed proanthocy-
anidin extract against nitrosative/oxidative stres. Nitric Oxide
2001:5:137-49. [CrossRef]

Frémont L. Biological effects of resveratrol. Life Sci 2000;66:663-
73. [CrossRef]

Hoyer P, Sipes G. Devolopment of animal model for ovotoxicity
using 4-vinylcyclohexene: A case study. Birth Defects Res B Dev
Reprod Toxicol 2007;80:113-25. [CrossRef]

Hu X, Christian P, Sipes IG, Hoyer PB. Expression and redistribu-
tion of cellular Bad, Bax, and Bcl-X(L) protein is associated with
VCD-induced ovotoxicity in rats. Biol Reprod 2001;65:1489-95.
[CrossRef]

Abolaji AO, Kamdem JP, Lugokenski TH, Nascimento TK,
Waczuk EP, Farombi EO, et al. Involvement of oxidative stress in
4-vinylcyclohexene-induced toxicity in Drosophila melanogaster.
Free Radic Biol Med 2014;82:204-5. [CrossRef]

Johnsen SJ. Testiculer biopsy score count-a method for registra-
tionof spermatogesesis in human testis. Hormones 1970;1:2-25.
Bhat KPL, Kosmeder JW, Pezzuto JM. Biological effects of resve-
ratrol. Antioxid Redox Signal 2001;3:1041-64. [CrossRef]

Cai H, Scott E, Kholghi A, Andreadi C, Rufini A, Karmokar A,
et al. Cancer chemoprevention: Evidence of a nonlinear dose
response for the protective effects of resveratrol in humans and
mice. Sci Transl Med 2015;7:298ral17.

Shin JA, Oh S, Ahn JH, Park EM. Estrogen receptor-mediated
resveratrol actions on blood-brain barrier of ovariectomized mice.
Neurobiol Aging 2015;36:993-1006. [CrossRef]

Sharma P, Hug AU, Singh R. Cypermethrin-induced reproductive
toxicity in the rat is prevented by resveratrol. ] Hum Reprod Sci
2014;7:99-106. [CrossRef]

Ke HZ, Paralkar VM, Grasser WA, Crafford DT, Qi H, Simmons HA,
et al. Effects of CP-336,156, a New, Nonsteroidal Estrogen Agonist/
Antagonist, on bone, Serum Cholestreol ,Uterus anda Body Composition
in Rat Models. Endocrinology 1998;139:2068-76. [CrossRef]

Bhat KP, Lantvit D, Christov K, Mehta RG, Moon RC, Pezzuto
JM. Estrogenic and antiestrogenic properties of resveratrol in
mammary tumor models. Cancer Res 2001; 61:7456-63.


https://doi.org/10.1016/S0891-5849(99)00063-5
https://doi.org/10.1677/JOE-06-0087
https://doi.org/10.1007/s12272-008-1124-7
https://doi.org/10.1016/0890-6238(95)00022-3
https://doi.org/10.1016/S0890-6238(01)00149-6
https://doi.org/10.1016/S0006-2952(97)00544-3
https://doi.org/10.1006/niox.2001.0335
https://doi.org/10.1016/S0024-3205(99)00410-5
https://doi.org/10.1002/bdrb.20103
https://doi.org/10.1095/biolreprod65.5.1489
https://doi.org/10.1016/j.freeradbiomed.2014.11.008
https://doi.org/10.1089/152308601317203567
https://doi.org/10.1016/j.neurobiolaging.2014.09.024
https://doi.org/10.4103/0974-1208.138867
https://doi.org/10.1210/endo.139.4.5902

Turk J Urol 2017; 43(4): 444-50
DOI:10.5152/tud.2017.34101

21.

22.

23.

24.

25.

26.

Tiiredi S, Yulug E, Alver A, Kutlu O, Kahraman C. Effects of
resveratrol on doxorubicin induced testicular damage in rats. Exp
Toxicol Pathol 2015;67:229-35. [CrossRef]

Juan ME, Gonzélez-Pons E, Munuera T, Ballester J, Rodriguez-
Gil JE, Planas JM. trans-Resveratrol, a natural antioxidant from
grapes, increases sperm output. J Nutr 2005;135:757-60.
O’Donnell L, Robertson KM, Jones ME, Simpson ER. Estrogen
and Spermatogenesis. Endocr Rev 2001;22:289-318.

Couse JF, Korach KS. Estrogen receptor null mice: what have we
learned and where will they lead us? Endocr Rev 1999;20:358-
417.

Soylemez H, Ugras MY, Beytur A, Oguz F, Kurus M, Bay
Karabulut A. Evaluation of antioxidant effect of resveratrol on
testicular tissue in rats that were exposed to cigarette smoke. Turk
J Urol 2011;37:235-41. [CrossRef]

Sikka SC. Oxidative stress and role of antioxidants in normal and
abnormal sperm function. Front Biosci 1996;1:78-86. [CrossRef]

27.

28.

29.

30.

31.

Menna P, Salvatorelli E, Minotti G. Anthracycline degradation
in cardiomyocytes: ajourney to oxidative survival. Chem Res
Toxicol 2010;23:6-10. [CrossRef]

Xin YF, You ZQ, Gao HY, Zhou GL, Chen YX, Yu J, et al.
Protective effect of Lycium barbarum polysaccharides against
doxorubicin-induced testicular toxicity in rats. Phytother Res
2012;26:716-21. [CrossRef]

Atessahin A, Tiirk G, Karahan I, Yilmaz S, Ceribas1t AO, Bulmus
O. Lycopene preventsadriamycin-induced testicular toxicity in
rats. Fertil Steril 2006;1:1216-22. [CrossRef]

Kasdallah-Grissa A, Mornagui B, Aouani E, Hammami M, Gharbi N,
Kamoun A, et al. Protective effect of resveratrol on ethanol-induced
lipid peroxidation in rats. Alcohol Alcohol 2006;41:236-9. [CrossRef]
Chang CC, Chang CY, Huang JP, Hung LM. Effect of resveratrol
on oxidative and inflammatory stress in liver and spleen of strepto-
zotocin-induced type 1 diabetic rats. Chin J Physiol 2012;55:192-
20. [CrossRef]


https://doi.org/10.1016/j.etp.2014.12.002
https://doi.org/10.5152/tud.2011.044
https://doi.org/10.2741/A146
https://doi.org/10.1021/tx9003424
https://doi.org/10.1002/ptr.3633
https://doi.org/10.1016/j.fertnstert.2005.11.035
https://doi.org/10.1093/alcalc/agh256
https://doi.org/10.4077/CJP.2012.BAA012

